Conformational change of turkey-gizzard caldesmon induced by specific chemical modification with carbodiimide.
Water soluble 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide was used to internally cross-link carboxyl and lysyl groups of caldesmon. The modification did not involve the two cysteines of the molecule which were previously labelled with N-iodoacetyl-N'-(5-sulfo-1-naphthyl)ethylenediamine. The modified caldesmon exhibited a smaller Stokes radius (4.0 nm instead of 6.3 nm) and its electrophoretic mobility corresponded to an apparent molecular mass of approximately 82 kDa, appreciably lower than that of the native molecule (120 kDa), but more similar to the reported true molecular mass of 86,974 Da of chicken-gizzard caldesmon (Bryan, J., Imai, M., Lee, R., Moore, P., Cook. R. G. & Lin, W. (1989) J. Biol. Chem. 264, 13,873-13,879). Comparative circular dichroism analysis indicated a decrease of the alpha-helix content from 43% to 36% resulting from the chemical modification. The 1H-NMR spectra of the native and modified caldesmon showed that the covalent cross-linking affected mainly the central and N-terminal parts of the molecule. The C-terminal part, rich in aromatic amino acids, was unmodified by the carbodiimide treatment. This was also corroborated by the continued ability of the modified caldesmon to bind to actin and calmodulin, and by the property of the 90-kDa proteolytic N-terminal fragment to give an internally cross-linked species of 60 kDa. Using electron microscopy, the modified protein was shown to have a more compact shape and a reduced capacity to induce tight and long F-actin bundles. These conformational changes were obtained when the carbodiimide reaction was conducted at pH 6.0 and were not observed at pH 8.0. This suggests that local variation of the pH might affect the conformation of caldesmon which changes from an elongated to more compact shape, stabilized by electrostatic interactions. It is proposed that the flexibility of caldesmon might be involved in the regulatory function of this protein in the smooth muscle and might favour tightly packed F-actin bundles or weaker interactions between actin filaments.